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摘  要 
I 









酯膜(PC 膜)上；以三磷酸腺苷（ATP）同时作为掺杂剂和亲和配基，利用 PPy 的掺杂特性，将
ATP 在 PPy 聚合沉积的过程中通过掺杂方式固载到膜上，获得了具有理想形貌并固载 ATP 的导






大；（2）在较低的离子强度、较高的 Hb 初始浓度以及中性的 Hb 溶液（pH6.8）条件下有利于
获得较高的吸附容量；（3）所制备的导电亲和膜对 Hb 展现出良好的吸附特异性；（4）Hb 在导
电亲和膜上的吸附机理符合 Freundlich 吸附方程。 
3. 导电亲和膜的洗脱和再生 
选用三种不同的洗脱溶液分别对膜进行洗脱，采用循环伏安法对膜进行再生—配基的脱掺
杂与重新掺杂。结果表明：膜上吸附的 Hb 可以用 Bis-Tris (pH7.0)缓冲液全部洗脱回收；膜上
































Affinity membrane separation (AMS) is a new separation technology 
combining the advantages of both affinity chromatography and membrane 
technology. Due to high specificity and output of AMS, the fast separation process 
under lower pressure drop can be obtained. AMS has many practical applications in 
chemical engineering, biologic engineering, biomedicine and other fields. The main 
obstacle for AMS is that its binding capacity and adsorption rate are insufficient to 
take advantage of the improved transport properties of the membrane. The existing 
methods for improving adsorption capacity and rate are through enhancing ligand 
content of affinity membrane. But the high ligand density does not always translate 
into high ligate capacity. In this work, a novel affinity membrane-affinity 
electromembrane is fabricated and a new affinity separation method-electrical 
facilitated adsorption is developed. The main research contents are as follows: 
1. Preparation and Characterization of the affinity electromembrane 
The ATP-immobilized affinity electromembrane is fabricated by chemical 
oxidizing polypyrrole (PPy) onto porous polycarbonate (PC) track-etch membrane 
using template method. ATP was selected as both ligand and dopant. Because 
conductive polymer could dope with cation or anion during the procedure of its 
polymerization, ATP was incorporated into the conducting polymer during polymer 
synthesis. By controlling the reaction condition the ATP immobilized affinity 
electromembrane with ideal structure was obtained. The prepared affinity 
electromembrane has a uniform conductivity value of 1.29×10-4 S/cm. The ATP 
content of affinity electromembrane is 20.39 mg/g membrane. 
2. The adsorption property and mechanism of affinity electromembrane 
Hemoglobin (Hb) was chosen as the adsorbate, BSA as the nonspecific testing 
protein. Electrical stimulation of the affinity electromembrane was performed using 
a TD73000 Electrochemical System in a standard three-electrode cell containing Hb 















electrical stimulation adsorption experiments were processed at constant current 
condition. The effects of adsorption time, current value, ion strength and initial 
concentration of Hb, pH of Hb solution on the adsorption capacity were investigated; 
the adsorption specificity of the affinity electromembrane was examined; and the 
adsorption mechanism between the Hb and affinity electromembrane was analyzed. 
The results show: (1) Hb adsorption capacity and rate are greatly facilitated by 
electrical stimulation, and the adsorption capacity and rate increase with increasing 
current value; (2) Higher adsorption capacity can be attained at lower ion intensity, 
higher initial concentration of Hb and neutral Hb solution (pH6.8); (3) the prepared 
membrane showed good adsorption specificity for Hb; (4) the mechanisms of Hb 
adsorption on the affinity electromembrane fitted the Freundlich model well. 
3. Elution and regeneration of the affinity electromembrane 
Three different solutions were used to elute the Hb adsorbed membrane, and 
compared the elution result of the adsorbed membrane with different adsorption 
method (electrical facilitated adsorption and normal adsorption); after adsorbed and 
eluted the regeneration experiment was executed under cyclic voltammetry condition. 
The results show: the Hb adsorbed on the membrane can be totally eluted by the 
Bis-Tris (pH7.0) buffer; dedoped rate of ATP is 70%, redoped rate by electrochemical 
method could attain 118%. 
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表 1-1 膜分离与亲和色谱的比较 
Table 1-1 Comparison between membrane separation and affinity 
chromatography 
 膜分离 亲和色谱 
原理 筛分效应 化学和生物特异性相互作用 
过程 一般低压，可连续操作 低、中、高压，一般为断续式操作 
介质 微孔滤膜 担体、填料，一般在柱中进行 
规模 处理量大，可达克、千克级 处理量小，大多为毫克级，制备级可达克级
成本 相对较低 高 
设备 简单 复杂 
速度 快 较慢 
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分离，并将取得的结果和在 Sepharose Blue 亲和色谱柱上的实验结果进行了比较，




表 1-2 膜亲和（MAC）和柱亲和（CAC）色谱对苹果酸脱氢酶的纯化结果 
Table 1-2 Purification of MDH by MAC and CAC 
结合容量（U/mg） 纯化倍数 回收率 
样   品 
MAC CAC MAC CAC MAC CAC
纯酶液 148 120 - - 77.8 61 
细胞抽提物 1.4 1.7 12.1 9.4 9.5 5.9 
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